








































































































Figure 1: Alcoa’s Huntly minesite (~15 000 ha) is situated in the northern jarrah forests 
























ing loading and aspect ratio values w
ere taken from
 Fullard et al. (1991) w
























 length values w
ere taken from
 live adult specim
ens m
easured in the 
northern jarrah forest throughout the duration of this study (J. B
urgar, unpublished data), w
ith the exception of F. m
ackenziei, M
. kitcheneri, and T. 
australis (C
hurchill, 2008). Echolocation call characteristics w
ere taken from
 a regional (south-w
estern A
ustralia) reference call library of calls 
recorded prim
arily during hand release but also through visual identification, particularly for T. australis. H
abitat type (prim
ary and secondary, 
w
here appropriate) is adapted from
 Fullard et al. (1991). M
ean (±SE) are provided for m
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14.9 ± 0.4 
(11.2-20.3) 
44.4 ± 0.3 
(39.6-46.6) 
5.5 ± 0.9 
9.1 ± 1.9 
29.1 ± 0.1 
(28-41) 
5.5 ± 0.1 













7.9 ± 0.2 
(5.9-10.1) 
36.6 ± 0.3 
(32.9-38.7) 
4.8 ± 0.4 
6.7 ± 0.7 
49.1 ± 0.1 
(48-66) 
3.5 ± 0.0 
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33.6 ± 0.1 
(32-49) 
5.9 ± 0.1 








Lesser long-eared bat 
7.5 ± 0.5 
(5.4-10.9) 
37.8 ± 0.6 
(34.1-41.6) 
5.1 ±0.3 
5.7 ± 0.3 
41.3 ± 0.4 
(40-61) 
2.8 ± 0.1 








ould's long-eared bat 
9.7 ± 0.2 
(6.9-14.9) 
40.9 ± 0.2 
(32.3-48) 
5.5 ± 0.5 
7.0 ± 0.4 
48.3 ± 0.5 
43-71) 
3.0 ± 0.1 











estern greater long-eared bat 
14.8 ± 0.7 
(12.6-17.8) 




40.6 ± 0.7 
(37-65) 
3.4 ± 0.2 










outhern forest bat 
5.5 ± 0.1 
(3.8-7.8) 
31.8 ± 0.1 
(29.4-35) 
5.3 ± 0.4 
6.8 ±0.9 
42.9 ± 0.1 
41-62) 
4.0 ± 0.0 
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6.1 ± 0.1 
12.3 ± 0.2 
26.9 ± 0.1 
(26-34) 
4.2 ± 0.2 














8.3 ± 0.3 
16.0 ± 1.3 
12.5 ± 0.1 
(12-18) 
10.6 ± 0.2 



















Figure 2: Echolocation calls of two jarrah forest bat species; the left sonogram 
depicts a typical Tadarida australis narrowband call, while the sonogram on the 
right depicts a typical Nyctophilus species broadband call. The x-axis is time (ms) 































































Table 1: Bat species traits. Body mass and forearm length were measured from bats 
trapped in the study area for all species (J. Burgar, unpublished data) with the exception 
of T. australis (measurements taken from Churchill 2008). Wing loading and aspect ratio 
values were taken from Fullard et al. (1991) with the exception of F. mackenziei (N.L. 
McKenzie and R.D. Bullen, pers. comm). Echolocation call characteristics were taken 
from reference library echolocation calls recorded in the study area as well as the 













T. australis 36.0 60.0 11.1 19.6 Low 
F. mackenziei 23.7 50.5 6.9 8.6 Low 
C. gouldii 14.9 44.4 5.5 9.1 Low 
M. kitcheneri 10.5 34.1 6.1 12.3 Low 
V. regulus 5.5 31.6 5.3 6.8 Medium 
C. morio 7.9 35.5 4.8 6.7 High 









Figure 1: Map showing the spatial arrangement of the 64 sites at Alcoa’s Huntly minesite 






































































































Table 2: Number of calls recorded for each species during each field year. In addition 
4668 (16%) calls (550 (5%) and 4118 (22%) for the first and second field year, 
respectively) were classified as unknown. 
 T. australis 
F. 
mackenziei C. gouldii 
M. 
kitcheneri V. regulus C. morio 
Nyctophilus 
spp. 
1st Year 1044 56 857 173 6815 391 360 
2nd Year 1246 181 1999 303 9782 346 806 








Figure 2. Vegetation structure mean (±SE) for the northern jarrah forests. Dark grey bars 
indicate the first field year while white bars denote the second field year. 










































































































































 Table 3. Vegetation com
m
unity structure m




ere ordered so 
that tests indicate differences in vegetation com
m
unity structure betw
een each restored forest type and unm
ined forest and betw
een the second, 
com
pared to the first, field year. W
ald scores are provided; P-values w
ere adjusted to account for m
ultiple testing and significance is indicated by 
M
N



































































































































































Figure 3. Species specific mean (±SE) nightly bat activity for the northern jarrah forests. 
Dark grey bars indicate the first field year while white bars denote the second field year. 
Note the different scales along the y-axis.











































































































































ere ordered so that tests 
indicate differences in bat com
m
unity activity betw
een each restored forest type and unm
ined forest and betw
een the second, com
pared to the 
first, field year. Likelihood ratio scores are provided; P-values w
ere adjusted to account for m
ultiple testing and significance is indicated by M
N
S 




























































































































































 Table 5. H
abitat filters to bat use of restoration in the northern jarrah forests. A
IC
c scores for the top m
odels are as follow
s: T. australis 2210.57, F. 
m
ackenziei 739.23; C
. gouldii 2276.40; M
orm
opterus sp.4 1052.14; V. regulus 3650.40; C
. m
orio 1130.11; and N
yctophilus spp. 1467.35. The full 
m
odel included all term
s (df=20), the linear m
odels had one variable (df=5), and the quadratic m
odels (indicated by ^2) had each variable and the 
































































































































































































































































































































































































ates for top m
odel(s) predicting species specific habitat filters to bat use of the restored landscape. N
o m
odels ranked 
better than the null m
odel for V. regulus. M
odel-averaged estim
ates are provided for V. regulus w
here seven “best” m
odels (habitat filters) w
ere 
identified. D
rop in deviance indicates the drop in deviance from
 the full m
odel (all param
eters) to the m
odel w














































































































































































Figure 4. Goodness of fit representation of the observed data and predicted top habitat 
filter model for each species / species group where the top model ranked higher than the 
null model. ! !



















































































































































































































































s through the B
O
LD
 online identification engine using tw
o different m
ethods: the neighbour-joining 











ere considered as a possible m
atch: >98%
 for a “genus” m
atch and >99%
 for a “species” m
atch. For the B
M




pling sites in A
ustralia w
ere considered; * indicates sam




hile ** indicates sam
pling sites in W
A
 but outside of 
the south-w




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 1: Prey accumulation curves for all species combined and individual bat species. 
!
!





























Figure 2: Rarefaction curves for three bat species using two diversity indices: (a) Chao1 
and (b) Faith’s phylogenetic diversity. Ten rarefactions were performed at a minimum 
sequence depth of five and maximum of 95, with a step of 10 between. Error bars denote 
standard error. !



















































Figure 3: Diversity indices for three species of bat, by sex and season: species richness 
as estimated by Chao1 for each bat species by season (top left) and sex (top right); 
Faith’s phylogenetic diversity for each bat species by season (bottom left) and sex 
(bottom right). Statistical differences in α-diversity within a species are indicated by * 
and between species by letters. Error bars denote standard error. 
!
! !
















































































Figure 4: Principal coordinates analysis (PCoA) of MOTUs for three bat species, based 
on UniFrac distances unweighted by MOTU abundances. Each symbol corresponds to 
one faecal sample, i.e., individual bat. The first two principal coordinate (PC) axes are 
shown, explaining 15.4 % of total variation. 
!! !





























































































Figure 1: Map showing the spatial arrangement of 24 bat and invertebrate survey sites at 
Alcoa’s Huntly minesite in south-western Australia. White denotes unmined forest, light 







































Table 1: Equations for calculating dry biomass where y is biomass in mg and x is length 
in mm. We derived calculations by measuring and weighing dried biomass of a subset of 
individuals, denoted by N (subset). The biomass value is the calculated dry biomass, for 
all individuals (Total N). The fit of each equation is provided (R2). For Mantodea we used 
the equation derived from all orders. 
Order Equation R² N (subset) Total N Biomass (g) 
All Orders y = 0.0487x2.0369 0.83 19 658 46 977 203.18 
Arachnid y = 0.1172e0.4198x 0.80 38 63 0.05 
Blattodea y = 0.3189e0.2612x 0.81 28 76 12.39 
Coleoptera y = 0.8207e0.2215x 0.82 760 1832 75.12 
Diptera y = 0.085e0.3383x 0.76 3722 5898 23.06 
Hemiptera y = 0.1265e0.4568x 0.88 1311 2622 4.78 
Hymenoptera y = 0.3e0.2151x 0.85 4407 6046 11.50 
Lepidoptera y = 0.2308e0.2202x 0.90 9226 29 946 69.16 
Mantodea* y = 0.0487x2.0369 -- 4 28 1.06 
Neuroptera y = 0.2464x + 0.1 0.90 34 156 0.52 
Orthoptera y = 0.193e0.2052x 0.89 9 38 4.99 



















Table 2. Total num
ber (fb) and percentage of feeding buzzes (%
 fb) recorded throughout the restored landscape of south-w
estern A
ustralia. The 
percentage of feeding buzzes w
as quantified as the num
ber of feeding buzzes divided by the total num
ber of call files (both search phase and 
feeding) for each treatm
ent type (N
=8, sites w
ere surveyed 4 tim
es for a total of 32 surveys per treatm
ent type). D




s ha-1 is categorised as desired and >2500 stem
s ha-1 is categorised as dense. Forest types 
exam
























































































































































































































































Figure 2: Mean (± SE) vegetation structure values per forest type for canopy, midstorey, 
shrub and ground cover. * denotes a significant difference in vegetation structure values 
compared to unmined forest. !
Prey$occurrence!We!trapped!46!977!individual!invertebrates!over!48!light!trap!nights,!collecting!10!insect!orders!and!a!small!number!(63)!of!arachnids.!Lepidoptera!comprised!nearly!twoZthirds!(64%)!of!all!individuals,!followed!by!Hymenoptera!(13%),!Diptera!(13%),!Hemiptera!(6%)!and!Coleoptera!(4%)!with!the!remaining!orders!making!







































































Figure 3: Mean (± SE) biomass (g) of insects less than 15 mm per forest type for all 
potential prey, Coleoptera, Diptera, Hemiptera, Hymenoptera, and Lepidoptera. * denotes 
a significant difference in vegetation structure values compared to unmined forest. Note 
the different values on the y-axes. ! !









































































































































Figure 4: Mean (± SE) biomass (g) of insects less than 15 mm per forest type for all 
potential prey, Coleoptera, Diptera, Hemiptera, Hymenoptera, and Lepidoptera. There 
were no significant difference in insect biomass between unmined and either type of 
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Figure 5: Mean (± SE) bat activity per forest type for T. australis, C. gouldii, C. morio, 
Nyctophilus spp., and V. regulus. Bat activity was quantified as the number of bat call 
files recorded per night. * denotes a significant difference in activity levels compared to 
unmined forest. Note the different values on the y-axes. 













































































































 Table 3: Vegetation structure, insect biom





c scores for the top m
odels are as follow
s: T. australis 224.24, C
. gouldii 224.42; C
. m
orio 118.56; N
yctophilus spp. 158.69; 
and V. regulus 416.79. For T. australis and C
. gouldii all insects w











yctophilus spp. and V. regulus. Insect biom
ass or vegetation structure single variable m
odels had df=4, and the 
interactive m
odels had df=6. M
odels ranked higher than null m
odels are highlighted in bold. Vegetation structure variables refer to percent cover 






















































































































































































































































































































































































































































































































































































eters (coefficients ± adjusted SE and Z-values) for term
s from
 all m
odels regressing bat activity against insect 
biom





ere checked for 
significance only if they had a higher A
IC
 w
eight than the null m
odel. Significance is indicated by * ≤0.05, ** ≤0.01, and *** ≤0.001 and are 














































































































































































































































































































































































































































































































































































Figure 6: The marginal effect of insect biomass on bat activity, for a range of 
vegetation structure values. Explanatory variables (insect biomass and 
vegetation structure) were standardised prior to modelling so 0 on graphs 
represent mean values. 95% confidence limits are represented by dotted lines. 
The marginal effect of a) Hymenoptera biomass on C. gouldii activity as 
influenced by canopy cover; b) Hemiptera <15 mm biomass on C. morio activity 
as influenced by shrub cover; and c) potential prey <15 mm biomass on 
Nyctophilus spp. activity. 
Discussion(
Our!results!demonstrate!that!occurrence!does!not!necessarily!equate!to!accessibility!for!predatory!bats!and!their!insect!prey!in!the!restored!jarrah!forests!of!south:western!Australia.!At!the!ordinal!level,!there!was!no!difference!in!potential!prey!availability!between!restored!and!unmined!forests!for!smaller!bat!

















































































































































Figure 1a-b: a) The location of 5 bat trapping sites (diamonds), adjacent to waterholes 
within Huntly minesite. b) Detailed view of Sites 1 and 5 with roost trees selected by N. 
gouldi females (black stars), N. gouldi males (grey stars), V. regulus females (black 
circles) and V. regulus males (grey circles). Restored forest is denoted by grey while 









































Figure 1c-d: c) Detailed view of Sites 3 and 4 and d) Site 5 with roost trees selected by N. 
gouldi females (black stars), N. gouldi males (grey stars), V. regulus females (black 
circles) and V. regulus males (grey circles). Restored forest is denoted by grey while 

















































Table 1: Roost tree and site characteristics measured within the unmined and restored 
northern jarrah forest of south-western Australia. Roost tree ordinal variables* were 
adapted from Whitford (2002). Vegetation clutter variables (overstorey and shrub clutter) 
were adapted from Webala et al. (2010). Height measurements were taken using a digital 








DBH Diameter at breast height (1.3 m) of tree (cm), measured 
over bark 
Tree 
Height Height of tree (m)  
Snag class* Snag class (decay stage): 1 = all live tree; 2 = <30% 
dead; 3 = >30% dead; and 4 = 100% dead 
Tree 
DBO* Dead branch order: scale of assessing DBO (DB1-DB9) 
where DB9 is a tree trunk more deteriorated than DB8  
 
Crown senescence* Crown senescence: scale of assessing where a value of 
1 is a crown with no or very little senescence to 9 where 
there is no crown remaining 
Tree 
Bark cover* Bark cover class: 1 = none; 2 = <10%; 3 = 10-25%; 4 = 
>25% 
Tree 
Fire scar* Presence of fire scar: 1 = no visible scar; 2 = small scar; 
3 = large scar 
Tree 
Roost Site 
Canopy height Height of canopy (m) Site – both 
Nearest tree height Average height of five nearest trees (≥20 cm DBH) Site – roost 
Nearest tree distance Average distance of five nearest trees (≥20 cm DBH) Site – roost 
Height difference Difference between roost/available tree height and 
canopy height 
Site – roost 
Canopy cover Proportion of canopy cover, derived from photographs Site – both 
Shrub cover % Shrub cover of roost / available plot – estimated Site – both 
Ground cover % Ground cover of roost / available plot – estimated Site – both 
Log cover % Log cover of roost / available plot – estimated Site – both 
Litter cover % Litter cover of roost / available plot – estimated Site – both 
Roost Landscape   
Elevation Elevation (m) Landscape 
Slope Code Slope categories: 1=<3°, 2 =3-5°, 3 =6-7°, 4=8-9°, 5=10-
11°, 6=12-14°,7=15-17°, and 8=≥18° 
Landscape 
Time Since Fire Time since last fire (years) Landscape 
Distance to restoration Distance to closest edge of restoration (m)  
Distance to stream Distance to closest stream (m) Landscape 
Distance to track Distance to closest track or road (m) Landscape 
Unmined 250 m Proportion of unmined forest within 250 m of roost (ha) Landscape 
Unmined 1000 m Proportion of unmined forest within 1000 m of roost (ha) Landscape 
Unmined 3000 m Proportion of unmined forest within 3000 m of roost (ha) Landscape 
Edge perimeter 250 m  Length of restoration perimeter edge within 250 m (ha) Landscape 
Edge perimeter 1000 m Length of restoration perimeter edge within 1000 m (ha) Landscape 















Table 2: Radio-tracking results for N. gouldi and V. regulus, by season and sex, tracked between October 2011 and March 2012 in south-western 
Australia. Roost tree species are jarrah (J), marri (M) and other (O), comprising sheoak and banksia for N. gouldi and bullich for V. regulus. 





Total no. of 
roosts 
located 
Dist. to first roost 
(m) ± SE 
Dist. between 
roosts 
(m) ± SE 
Roost tree species 
J M O 
N. gouldi Maternity F 5 1 7 931±182 341±86 7   
  M 3 0 3 1232±138 --* 3   
 Mating F 7 0 11 1831±290 200±77 8 1 2 
  M 7 2 9 705±135 83±59 8  1 
V. regulus Maternity F 6 1 8 526±115 83±25 5 1 2 
  M 4 1 4 198±55 6*  2 2 
 Mating F 5 1 6 628±91 113±80 5  1 







Figure 2: a) Jarrah tree (83.0 cm DBH and 25.5 m tall) used as a roost during the 
maternity season with a burnt out cavity at the base to ~3 m where 15-20 bats were 
observed exiting after being disturbed; b) Bull banksia where one male N. gouldi was 
tracked during the mating season; we presumed he was roosting in the foliage, 5.7 m 
above the ground; c) Dead jarrah stag where we tracked and had audible confirmation of 
one male V. regulus roosting, ~1.5 m above the ground, in a trunk fissure, during the 
mating season; and d) Fallen coarse woody debris where one female V. regulus was 





Table 3: Mean (± SE) tree, site and landscape variables for N. gouldi and V. regulus 
roosts and available/random. 
 N. gouldi V. regulus Available / Random 
Roost Tree    
DBH (cm) 69.4±7.1 60.8±4.5 44.0±2.7 
Height (m) 23.4±1.0 23.3±1.0 20.9±0.6 
Snag class 2.7±0.2 2.2±0.1 1.9±0.1 
DBO 2.9±0.3 1.9±0.2 1.3±0.1 
Crown senescence 5.0±0.6 3.0±0.4 1.9±0.2 
Bark cover 3.6±0.2 3.7±0.2 3.9±0.1 
Fire scar 2.1±0.1 2.3±0.2 2.2±0.1 
Roost Site    
Canopy height (m) 23.3±0.6 25.7±0.8 24.3±0.5 
Nearest tree height (m) 18.1±0.4 19.6±0.4 19.6±0.4 
Nearest tree distance (m) 6.4±0.3 6.5±0.3 6.5±0.3 
Height difference (m) -0.93±0.8 -2.41±1.0 -3.39±0.5 
Canopy cover (%) 64±3 61±2 67±2 
Shrub cover (%) 14±2 17±2 20±2 
Ground cover (%) 22±3 22±3 24±3 
Log cover (%) 12±2 12±1 9±1 
Litter cover (%) 97±1 95±2 96±1 
Landscape    
Elevation (m) 287±4 277±4 283±3 
Slope code 2.3±0.3 2.8±0.3 3.0±0.2 
Time since fire (yr) 10.8±1.2 9.9±0.9 12.7±0.8 
Distance to restoration (m) 182±22 161±35 268±41 
Distance to stream (m) 264±32 168±26 217±22 
Distance to track (m) 161±22 133±25 117±13 
Unmined 250 m (ha) 16.8±0.5 16.4±0.4 16.4±0.5 
Unmined 1000 m (ha) 224±5 211±7 241±5 
Unmined 3000 m (ha) 1994±21 2022±20 2105±29 
Edge perimeter 250 m (m) 953±148 1326±154 865±116 
Edge perimeter 1000 m (km) 14.7±0.8 15.7±1.0 12.4±0.8 










s for each N
. gouldi roost landscape variable as the dependent variable and either sex or season as a three 
categorical response variable (i.e., random
 as one category n = 32). Significant relationships are indicated by * for P<0.05, ** for P<0.01, and *** for 
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s for each V. regulus roost landscape variable as the dependent variable and either sex or season as a three 
categorical response variable (i.e., random
 as one category n = 33). Significant relationships are indicated by * for P<0.05, ** for P<0.01, and *** for 
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Figure 3: Principal coordinate analysis (PCoA) of vegetation structure between roost 
sites and restored forest sites (R 0-4 N = 8, R 5-9 N = 16, R 10-14 N = 16, R >15 N =  16, 
Roost N = 36). Roost sites include both N. gouldi and V. regulus roosts, and all were 




































































































Table 1. Total number of calls, call sequences, and mean (± standard error) number of 
calls per call sequence for each class. Reference calls were gathered from a variety of 
locations over multiple nights so we assumed one call sequence represents one 
individual. Nomenclature follows Armstrong and Reardon (2006), except for Nyctophilus 
major (Parnaby 2009) and Mormopterus kitcheneri (Reardon et al. 2014). The grey line 
provides the grouped data for Nyctophilus spp. 
Class 
Total Call 
Sequences Total Calls 
Calls per Call Sequence 
Mean ± SE 
Chalinolobus gouldii 20 1722 86.1 ± 8.9 
C. morio 18 993 55.2 ± 8.0 
Falsistrellus mackenziei 19 1207 63.5 ± 5.4 
Mormopterus kitcheneri 6 202 33.7 ± 12.2 
Nyctophilus geoffroyi 6 126 21 ± 5.6 
N. gouldi 15 429 28.6 ± 6.1 
N. major 3 98 49.0 ± 23.2 
Nyctophilus spp. 24 653 27.2 ± 4.4 
Tadarida australis 8 249 31.1 ± 2.0 
Vespadelus regulus 37 2046 55.3 ± 4.5 





Figure 1. The call features (i.e., parameters) that comprise a bat call (thick black line) 
(Armitage & Ober 2010). Frequency parameters (Fc: characteristic frequency; Fmax: 
maximum frequency; Fmin: minimum frequency; Fk: frequency at knee) are measured in 
kilohertz (kHz) and duration/time parameters (Dc: duration of body of call; Dur: duration; 
Tc: time until end of characteristic slope; Tk: time until knee; TBC: time between 






ean ± SE) for each class, derived from
 the reference call library. See Figure 1 for description of frequency 
param
eters (m
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eters (Sc: characteristic slope; S1: initial slope; Q









































































































































































Figure 2. The framework behind the development of the 48 optimal models. We used two 
datasets (All Species; All Species / Nyctophilus Grouped) and two types of parameters 
(Principal Component Analysis (PCA) orthogonal values for highly correlated frequency 
and duration parameters plus remaining four original parameters; original 13 
parameters) and then either applied pre-processing (centring and scaling) or left as 
original values to build six types of models (lda = linear discriminant function analysis; 
qda = quadratic discriminant function analysis; svm = support vector machine; rf = 





































Figure 3. Model comparisons against the test reference call library (25% of calls set aside 
for validation) using the All Species dataset and for the four sets of parameters: 1 nine 
PCA plus four originals parameters, pre-processed; 2 nine PCA plus four originals 
parameters, unprocessed; 3 original parameters, pre-processed; and 4 original 
parameters, unprocessed. The grey line denotes 90% accuracy, the overall agreement 
rate. Error bars show upper and lower confidence interval (95%) limits.!!!
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Figure 4. Model comparisons against the test reference call library (25% of calls set aside 
for validation) using the All Species / Nyctophilus Grouped dataset and for the four sets 
of parameters: 1 nine PCA plus four originals parameters, pre-processed; 2 nine PCA 
plus four originals parameters, unprocessed; 3 original parameters, pre-processed; and 
4 original parameters, unprocessed. The grey line denotes 90% accuracy, the overall 
agreement rate. Error bars show upper and lower confidence interval (95%) limits. !Using!the!All!Species!dataset,!classification!agreement!was!extremely!low!(<15%)!between!all!models!built!using!the!nine!PCA!orthogonal!and!four!original!but!preJprocessed!parameters!and!manual!identification!(Figure!5).!The!kJnearest!neighbour!model!built!using!the!nine!PCA!orthogonal!and!four!original!unprocessed!parameters!had!higher!classification!agreement!(~65%)!with!manual!identification!but!all!other!models!built!using!these!parameters!had!extremely!low!classification!agreement!(<10%,!Figure!5).!No!models!built!using!the!original!preJ
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Figure 5. Classification agreement of passive acoustic survey bat calls between manual 
identification and optimal models using the All Species dataset and for the four sets of 
parameters: 1 nine PCA plus four originals parameters, pre-processed; 2 nine PCA plus 
four originals parameters, unprocessed; 3 original parameters, pre-processed; and 4 
original parameters, unprocessed. The grey line denotes 90% accuracy, the overall 
agreement rate. Error bars show upper and lower confidence interval (95%) limits.!!!! !
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Figure 6. Classification agreement of passive acoustic survey bat calls between manual 
identification and optimal models using the All Species / Nyctophilus Grouped dataset 
and for the four sets of parameters: 1 nine PCA plus four originals parameters, pre-
processed; 2 nine PCA plus four originals parameters, unprocessed; 3 original 
parameters, pre-processed; and 4 original parameters, unprocessed. The grey line 
denotes 90% accuracy, the overall agreement rate. Error bars show upper and lower 
confidence interval (95%) limits. !We!considered!the!random!forest!model!built!using!original,!unprocessed!parameters!as!the!overall!best!model!for!automating!bat!call!identification.!We!compared!this!random!forest!model!with!manual!identification!across!varying!certainty!score!cutJoff!values!and!found!there!was!no!difference!in!agreement!between!manual!identification!and!random!forest!classification!when!the!certainty!score!was!set!to!0.30!(Figure!8).!Agreement!became!consistently!lower!as!cutJoff!
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Figure 7. Classification agreement, by habitat type, of passive acoustic survey bat calls 
between manual identification and the top three optimal models (built using the 13 
original, unprocessed call parameters and the All Species / Nyctophilus Grouped 
dataset). The eight treatment types comprised restored forest (R) of various age classes 
(0-4, 5-9, 10-14, and >15) and unmined forest. Tree density was either desirable (500-2500 
stems ha-1) or dense (>2500 stems ha-1; indicated by D) for restored forest ≥5 years. The 
grey line denotes the overall accuracy of each optimal model: 94% for random forest, 
90% for linear and 88% for quadratic discriminant function analysis. Error bars show 
upper and lower confidence interval (95%) limits. ! !
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Figure 5. Classification agreement (accuracy) of passive acoustic survey bat calls 
between manual identification and the random forest model at multiple certainty score 
buffer thresholds. When the call certainty score buffers were below cut-off values (range 
0.3 – 0.5) they were classified as unknown. The grey line denotes 94% accuracy, the 
random forest model agreement level when not accounting for certainty score buffers. 
Error bars show upper and lower confidence interval (95%) limits. The random forest 
model was built using the original, unprocessed parameters; light grey bars denote the 
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Table 3. Class-specific sensitivity, specificity, positive predictive power (PPP), and 
negative predictive power (NPP), based on classification of passive acoustic survey data 
using the best random forest model (built using the original, unprocessed parameters, 
the All Species / Nyctophilus Grouped dataset) with a 0.30 certainty score cut-off buffer. 
Values of 1.00 indicate perfect agreement with manual identification and those greater 
than 0.90 are highlighted in bold. Greyed lines indicate the unknown and noise classes. 
 
Sensitivity Specificity PPP NPP 
C. gouldii 0.95 0.99 0.60 1.00 
C. morio 0.84 1.00 0.87 1.00 
F. mackenziei 0.28 1.00 0.14 1.00 
M. kitcheneri 0.63 1.00 0.92 1.00 
Nyctophilus spp. 0.53 1.00 0.66 0.99 
T. australis 0.80 1.00 0.97 0.99 
V. regulus 0.91 0.99 0.95 0.97 
Unknown 0.11 0.98 0.05 0.99 

















Figure S1a-d: The marginal effect of insect biomass on bat activity, for a range of 
vegetation structure values. Explanatory variables (insect biomass and vegetation 
structure) were standardised prior to modelling so 0 on graphs represent mean values. 
95% confidence limits are represented by dotted lines. The marginal effect of a) Diptera 
biomass on C. morio activity as influenced by shrub cover; b) Trichoptera <15 mm 
biomass on C. morio activity as influenced by shrub cover; and the marginal effect of 
insect biomass on Nyctophilus spp. activity for c) Hemiptera <15 mm biomass and 
ground cover; and d) Coleoptera < 15 mm biomass and ground cover.!


































































































































Figure S1e-f: The marginal effect of insect biomass on bat activity, for a range of 
vegetation structure values. Explanatory variables (insect biomass and vegetation 
structure) were standardised prior to modelling so 0 on graphs represent mean values. 
95% confidence limits are represented by dotted lines. The marginal effect of e) 
Lepidoptera <15 mm biomass and midstorey cover; and f) Lepidoptera <15 mm biomass 
and ground cover. 
  












































































Table S1. Nyctophilus gouldi trapping data for all individuals affixed with a transmitter 
during the roosting survey. Individuals were tracked to diurnal roosts the day 
immediately following capture and then for consecutive days. All tracked individuals 
were located on the first day of tracking with the exception of those marked with *. 
Tracked individuals were located on consecutive days until signals were lost and then 





captured No. fixes 
Forearm 
length 
(mm) Mass (g) Trap Site 
Maternity   12    
Female  
 9    
 110 15-Nov-11 1 40.1 12.1 Site 3 
 270 31-Oct-11 0 41.4 10.2 Site 1 
 348 15-Nov-11 2 42.8 11.7 Site 3 
 614* 15-Nov-11 2 41.3 9.9 Site 3 
 592c* 21-Nov-11 4 41.4 10.5 Site 4 
Male   3    
 694 21-Nov-11 1 39.7 7.1 Site 4 
 592a 31-Oct-11 1 37.0 9.6 Site 1 
 592b 15-Nov-11 1 39.8 9.0 Site 3 
Mating   34    
Female   22    
 932* 13-Mar-12 2 42.9 9.0 Site 1 
 5820* 05-Mar-12 3 41.2 10.9 Site 4 
 6510 01-Feb-12 5 40.9 8.2 Site 4 
 6945 06-Feb-12 3 41.9 10.5 Site 1 
 7334 30-Jan-12 5 41.2 10.6 Site 4 
 9885 05-Mar-12 4 41.1 9.5 Site 4 
Male   12    
 2250 05-Mar-12 1 40.6 9.3 Site 4 
 3715* 06-Feb-12 2 38.8 8.4 Site 1 
 4525 06-Feb-12 2 40.9 8.5 Site 1 
 4934 01-Feb-12 4 40.9 8.5 Site 4 
 6945b 13-Feb-12 0 38.8 8.9 Site 2 
 9085 20-Feb-12 0 39.2 9.0 Site 1 
 9735 13-Mar-12 3 40.6 9.0 Site 1 !! !
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Table S2. Vespadelus regulus trapping data for all individuals affixed with a transmitter 
during the roosting survey. Individuals were tracked to diurnal roosts the day 
immediately following capture and then for consecutive days. All tracked individuals 
were located on the first day of tracking and were located on consecutive days until 
signals were lost and then were not found again. Thus, number of fixes also indicates 




captured No. fixes 
Forearm 
length 
(mm) Mass (g) Trap Site 
Maternity  
 18    
Female  
 14    
 308 31-Oct-11 0 34.0 7.3 Site 1 
 392 07-Dec-11 2 31.9 6.2 Site 5 
 452 23-Nov-11 2 33.2 7.1 Site 4 
 531 07-Dec-11 2 31.9 6.0 Site 5 
 110b 21-Nov-11 4 32.2 7.2 Site 4 
 348b 21-Nov-11 4 32.2 7.2 Site 4 
Male   4    
 147 07-Dec-11 2 32.0 5.2 Site 5 
 188 21-Nov-11 1 31.5 5.2 Site 4 
 188b 23-Nov-11 0 31.7 5.3 Site 4 
 068 31-Oct-11 1 31.3 6.0 Site 1 
Mating   37    
Female   20    
 893 13-Mar-12 4 30.3 5.1 Site 1 
 3720 13-Feb-12 0 31.1 6.1 Site 2 
 4137 30-Jan-12 6 31.8 6.2 Site 4 
 5732 30-Jan-12 6 32.1 6.0 Site 4 
 7440 05-Mar-12 4 32.0 5.7 Site 4 
Male   17    
 793 13-Mar-12 2 32.0 5.5 Site 1 
 853 13-Mar-12 4 32.1 4.9 Site 1 
 1435 13-Feb-12 3 31.2 5.4 Site 2 
 2038 30-Jan-12 1 31.6 4.9 Site 4 
 3456 05-Mar-12 0 32.0 4.9 Site 4 
 4662 14-Feb-12 2 31.0 4.9 Site 2 
 0275 06-Feb-12 5 32.1 5.1 Site 1 !!! !
!! 228!
!
Figure S2: N. gouldi roost tree preferences in the restored landscape of south-western 
Australia. Significant differences (P < 0.01) from available roosting trees were apparent 
for N. gouldi females (all variables), males (snag class, DBO and crown senescence), and 
all N. gouldi during the maternity season (DBH, DBO and crown senescence) and mating 
season (snag class, DBO and crown senescence). Boxplot thick lines represent the 





























































































































Figure S3: V. regulus roost tree preferences in the restored landscape of south-western 
Australia. Significant differences (P < 0.01) from available roosting trees were apparent 
for V. regulus females (snag class, DBO and crown senescence), and all V. regulus 



























































































Figure S4: Bat roosting site preferences for N. gouldi and V. regulus in the restored 
landscape of south-western Australia. Significant differences (P < 0.01) from available 
roosting sites were apparent for N. gouldi females (height difference), N. gouldi males 
(log cover), V. regulus females (shrub and log cover) and all V. regulus during the 





























































































Figure S5: N. gouldi roost landscape preferences in the restored landscape of south-
western Australia. Significant differences (P < 0.01) from random locations were apparent 
for N. gouldi females (all variables), and all N. gouldi during the maternity season (slope) 
















































































































Figure S6: V. regulus roost landscape preferences in the restored landscape of south-
western Australia. Significant differences (P < 0.01) from random locations were apparent 
for V. regulus females (unmined area in 1000 m and 3000 m), males (elevation and 
unmined area in 1000 m) and all V. regulus during the maternity season (unmined area in 
1000 m and 3000 m and years since fire) and the mating season (elevation and unmined 














































































































































Figure S7: V. regulus roost landscape preferences in the restored landscape of south-
western Australia. Significant differences (P < 0.01) from random locations were apparent 
for V. regulus females (all variables), males (restoration edge within 3000 m) and all V. 
regulus during the maternity season (all variables) and the mating season (restoration 





















































































































































Figure S8a. Tuning parameters used to select the “optimal” classification models using 
the All Species dataset. There were no tuning parameters for linear or quadratic 
discriminant function analysis models. From left to right, top to bottom: support vector 















































































Figure S8b. Tuning parameters used to select the “optimal” classification models using 
the All Species / Nyctophilus Grouped dataset. There were no tuning parameters for 
linear or quadratic discriminant function analysis models. From left to right, top to 













































































Figure S9. Parameter importance (scaled) values characterising the random forest model built using the original, unprocessed parameters and All 
Species / Nyctophilus Grouped dataset. Values of 100 indicate high importance while values of 0 indicate low importance for model building. 
Parameter abbreviations: Fc characteristic frequency; Fmax maximum frequency; Fmin minimum frequency; Fk frequency at knee; Dc duration of 
body of call; Dur duration; Tc time until end of characteristic slope; Tk time until knee; Sc characteristic slope; S1 initial slope; Qk quality at the 
knee; and TBC time between successive calls. Species abbreviations: CHGO Chalinolobus gouldii; CHMO C. morio; FAMA Falsistrellus 

















Figure S10. Parameter importance (scaled) values characterising all models, other than random forest, built using the original, unprocessed 
parameters and All Species / Nyctophilus Grouped dataset. Values of 100 indicate high importance while values of 0 indicate low importance for 
model building. Parameter abbreviations: Fc characteristic frequency; Fmax maximum frequency; Fmin minimum frequency; Fk frequency at 
knee; Dc duration of body of call; Dur duration; Tc time until end of characteristic slope; Tk time until knee; Sc characteristic slope; S1 initial 
slope; Qk quality at the knee; and TBC time between successive calls. Species abbreviations: CHGO Chalinolobus gouldii; CHMO C. morio; FAMA 
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